Introduction
Globalization of commerce and education makes speaking a second language an important skill in workplaces worldwide. In response to this demand, educators have employed a range of teaching methods and materials that focus on general language communication skills but these generally neglect teaching pronunciation.
1 However, an accurate or at least comprehensible level of pronunciation is a foundation of effective verbal communication. 2 In the classroom, individual teachers rarely have the capacity or time to consistently check and correct each student's pronunciation, especially in large classes. Even when teachers are able to point out learners' pronunciation errors, learners may not know how to correct these errors, and teachers may not have the requisite knowledge of phonetics and phonology to advise on correction. For adult learners in particular, correction of their pronunciation in front of others may even discourage them from continuing their study.
Yet if pronunciation is corrected by computer on an individual basis, learners do not have to worry about awkward repetition in front of others and can practice pronunciation privately, as many times as they like.
3 Since improving pronunciation tends to require more time and devotion than other areas of language learning, as first language transfer (traces of the first language in a second-language learner's production) is most evident in phonetics and phonology, 4 a computer program for pronunciation training and assessment (CAPTA) is an ideal educational tool to supplement the shortcomings in current methods of foreign language teaching and learning. To fulfill this pedagogical need, the researcher developed a CAPTA software for second language learners of Japanese together with a team of engineers and trialed it in a Japanese language course. In this paper, the production and the experimental use of the CAPTA software in the language course will be reported and the implication of the results discussed.
Use of CAPTA in Language Education
For the last couple of decades, various computer assisted language learning (CALL) programs have been developed and become widely available. However, progress in development of CALL programs for pronunciation has been relatively limited by comparison with development of reading and listening materials, due to language educators' lack of knowledge of speech technology. Assessment by humans is to some extent subjective in any area of teaching, and this is particularly so in the assessment of pronunciation. CAPTA has been found to be a great aid for teachers, especially for nonnative teachers of the target language.
5 Segments of CAPTA programs have been developed in engineering laboratories for experimental purposes, 6 but they have not satisfied pedagogical conditions for classroom use.
7 Software currently available for pronunciation training takes one of the following forms:
. 'Playback and comparison' The user compares his/her production through listening, using a model for correct pronunciation provided by the system; . 'Visible speech aids' Comparison of spectrograms 8 (or other visible acoustic displays) of a native speaker's model with a comparable physical display of the learner's utterance (e.g. 'Accent Lab', released 1997; 'Vowel Target', marketed 1998 -2005 .
In these forms, the judgment and interpretation of learners' performance have to rely on learners themselves, although some software can provide feedback in a limited manner, such as indicating good or not good.
9 These computer programs have not been able to provide information on why learners achieved certain scores and what learners need to do to improve their scores, in a systematic way. Besides, without knowledge of acoustic phonetics it is difficult to understand the display screen of spectrograms. Thus, a computer program that can assess and give feedback on specific aspects of learners' pronunciation has long been sought in this area. provides scores and feedback to improve learners' pronunciation. This initial development was for an assessment tool for Japanese language in Australia. The current model has the following functions:
1) Detection of Pronunciation Error
The program detects typical pronunciation errors of non-native speakers of Japanese (segmental errors only).
2) Assessment of Pronunciation
Learners read a Japanese sentence that appears on the screen. The program provides scores for each phrase in the sentence and an overall score for the whole sentence. A response to learners' question is also provided.
3) Feedback
The program teaches ways to improve pronunciation by explaining how to produce sounds correctly.
4) An Editorial System
An editorial system allows teachers to modify test words or sentences as well as mark criteria according to students' levels.
5) Monitoring
Since the server stores access information such as recording date, time, performance score and error types, the participant and his/her teacher can view previous performance and compare it with his/her current trial.
These pedagogical considerations make the program unique and attractive to users. An editorial system is particularly innovative and gives teachers freedom to create sentences they wish to test. In the pilot survey conducted in 2006, the assessment component was tested and favorable responses to a questionnaire were received from 14 participants, commenting on the program's usefulness for self-study.
Errors to be Detected by the Program
The ASR system employs the pattern of information matching between acoustic input and language models stored in the computer through the Hidden Markov Model (HMM). 11 For this acoustic information matching, a large number of acoustic models are normally required to recognize the pronounced utterance accurately. Alternatively, by refining the language models in the system we can reduce variations of possible utterances from the predicted word sequence of acoustic input and detect the actual utterance. The detection of error patterns plays a role in this stage of the program. The list of error patterns was created drawing from research on the second language speech of English speakers 12 and the researcher's experience as a language teacher. The patterns were ranked in order from the most frequent error to the least frequent error. To test the reliability of the list, 1,200 sentences in Japanese language spoken by 30 English-speaking learners were transcribed and examined. The original list (1-16) covered 90 percent of learners' errors. Of the remaining 10 percent, errors that occurred more than a few times were added to the list (17-19), and the remaining errors were discarded since they were idiosyncratic and were no more than slips of the tongue. 
Japanese course as part of continuous assessment at Griffith University in Brisbane, Australia. The students had completed 160 hours of class study in Japanese at university at the stage when the task was introduced, but some had also studied Japanese at high school before beginning university study.
Exercises Created by Pronunciation Check
Students were instructed to practice the three exercises below during private study hours, with three percent of the assessment requirements for this subject granted automatically to students who completed the exercises required for the mark. 1) Ten sentences for beginners -for practice at least once in March and in May; 2) LAL2032 (the subject code at Griffith University) -practice after studying each lesson; 3) Interview for exchange program -an interactive speaking exercise, try any time.
While Exercises 1 and 2 followed the pattern of reading a sentence that appears on the screen, Exercise 3 ('Interview for Exchange Program') involved a role play and simulated an interview session that students might undertake before going to Japan. Exercise 2 contained sentence patterns from the Japanese-language subject (LAL2032) the students were taking. The third exercise had more interactive features than the first two exercises, and required students to listen to questions.
The predicted error patterns and learners' linguistic levels were taken into consideration for the production of sentences used in these topics. Errors programmed for detection in the sentences are indicated after each phrase by numbers from the error list. This task is called 'Option shitei' (Option Indication) and the system will detect only the indicated error. These option numbers or dashes which indicate long vowels are for programming and do not appear on the actual display as shown in Figure 2 . The 10 sentences for beginners follow: 
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M o n o f o r p r i n t c o l o u r o n l i n e
The button 'reading help' provides English translation or hiragana reading and can be used particularly for sentences with many kanji (Chinese characters). The version for beginners contains few kanji so that users will not have difficulty in reading. Most students used the university language laboratory for recording their readings, although the program was made accessible from home computers. Only students who were confident with downloading software and had appropriate recording equipment used their home computer.
Students' Performance and Evaluation
Students' performances varied. Of the 52 students enrolled in the subject, 23 completed the task and were therefore awarded the three percent automatically for their grade, while 24 completed exercises related to this Japanese-language subject but did not finish some part of the first exercise and therefore were awarded 1.5 to two percent depending on how much of the task they completed. Five students did not participate in the program. Students who did not participate or try their best may have thought that the three percent grade was not a sufficiently significant portion of the assessment to warrant the effort. However, the fact that the majority of students completed the exercise for LAL2032 indicates that they are more comfortable articulating words and sentences familiar to them. It implies that an exercise directly related to their study has more appeal to them even though all the exercises are equally at their proficiency level. Even though the third exercise had the most entertaining features, it was taken up mainly by students who had studied Japanese prior to university and were more confident in speaking.
The following questionnaire was used for evaluating the Pronunciation Check program. The answers, indicated on a Likert scale from 1 (good) to 5 (poor), were averaged and summarized depending on students' marks indicating the amount of the task they completed. As expected, students who did not complete the task considered it not useful for their study. The proportion of Chinese and Korean speakers in each group was 36 percent (9/23) in the top group, 22 percent (4/18) in the second group and 17 percent (1/5) in the third group respectively. The five students who chose not to undertake the task were all native speakers of English who had studied Japanese longer than two years. It seems that students' language background does not really affect their participation and performance. Overall, in their assessment of the program participants gave high scores on both its usefulness and usability. However, they indicated strong preference to practice with humans rather than with a computer program. Their responses to Question 7, 'Which do you prefer for practicing pronunciation with, a teacher or a computer?' can be summarized as follows:
. Teacher -32
A teacher is real, personal and has the ability to listen, think and explain. Preference is for more face to face interaction. Computers are just cool and fun to use [but can't provide feedback like a teacher can]. . Computer -2
Hard to find time with a teacher. . Both or either -12
Using computer means you don't get embarrassed.
Computer allows us to attempt many times.
Computer is good to consolidate our speaking after class, but teacher has ability to explain complex errors. . No response -1 A machine certainly cannot compete with a human in flexibility of communication. But it is also true that people cannot precisely assess the pronunciation of their speaking partner and correct it on the spot while conducting a conversation. Recognizing these strengths and weaknesses, it appears appropriate to acknowledge that machines and humans should both be able to contribute to practice in pronunciation.
The students' comments included requests to provide on computer programs other tasks such as listening, grammar check and kanji exercises. It is certain that computer exercises have potential to broaden the horizon of language teaching for the new generation of learners.
Effectiveness
Students were told to try the first exercise, '10 sentences for beginners', at the beginning and at the end of the semester. Of the 23 students who followed the instruction, 15 (eight English speakers, seven Korean/Chinese speakers) had a complete set of 10 sentences. Scores for these students who completed the first exercise twice are plotted in Figure 3 against their overall semester grade (scored out of 1000 ¼ 100 6 10 sentences).
In their second attempt (at the end of semester) 10 students improved their score while five students had a lower score than their attempt at the beginning of semester. It is hard to judge whether any change in score is due to students' language practice or to improvement in their ability through taking the language course. Since the total amount of time students used the program was no more than five hours for this exercise, it would be unrealistic to expect that the CAPTA program contributed to improvement of their pronunciation. However, it certainly increased the amount of time they spent studying Japanese. Although the number of participants is small, there is some correlation (r ¼ 0.69) between learners' academic results and the scores they obtained from the program (high achievers' scores are higher than the scores of students with low grades.) Many were found to be highly motivated students and fairly confident speakers of Japanese. Further examination of a large number of participants is required to determine whether or not the correlation is merely related to their level of motivation.
Limitations of the CAPTA Program
Capturing running speech is a difficult task for computers due to coarticulation, individual speakers' differences, recording conditions and some other technical factors. ASR, which uses the Hidden Markov Model, cannot reach 100 percent accuracy at its present stage of development. Here we need to rely on the advancement of technology. It is also desirable to be able to assess prosodic features of learners' speech, as duration, is often affected by pitch patterns. 13 Some attempt to assess pitch patterns has been made, 14 but we will need to allow more time for speech engineering researchers to achieve their goal. Educators can certainly make good use of CAPTA programs and should be encouraged to integrate them effectively into language classrooms. However, occasional malfunctions and connection difficulties can discourage users from trying out the program. Upon implementation administrators of a CAPTA need to make sure the network setting of their institution is reliable.
Summary
This paper has reported on an experimental use of a CAPTA program and has discussed the program's effectiveness and limitations. The CAPTA program Pronunciation Check is useful for self-study of pronunciation by compensating for the limitations of human conversation partners as correctors of pronunciation.
Although the development of CAPTA programs has not reached the stage where they can be used as assessment tools, survey results reported in this paper show the potential to use CAPTA programs as indicators of proficiency level. Based on the results of the participants' evaluation and the capacity of the current CAPTA program, it is considered that the program effectively serves the following purposes:
. practicing a difficult sound on your own . monitoring your own pronunciation . familiarizing yourself with new sentence patterns.
To cope with ever-increasing demands for cost-effective education, some aspects of labor-intensive language teaching will need to rely on technological advancements in the foreign-language classroom of the twenty-first century. Pronunciation training and assessment is one area where the introduction of CALL programs is considered to be effective. Further work is required for pedagogical and technological improvement of the CAPTA program to respond to the demand for better computer programs to assist in foreign-language teaching.
